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Background: Multiple Sclerosis (MS) is a common neurodegenerative disease, which often has a devastating effect
on physical and emotional wellbeing of people with MS (PwMS). Several studies have shown positive effects of
physical activity (PA) on disability, health related quality of life (HRQOL), and other outcomes. However, many
studies include only people with mild disability making it difficult to generalize findings to those with moderate
or severe disability. This study investigated the associations between PA and HRQOL, relapse rate (RR), disability,
and demographic variables in PwMS with varying disability.
Methods: Through online platforms this large international survey recruited 2232 participants with MS who
completed items regarding PA, MS and other health characteristics.
Results: PwMS who were younger (p < .001), male (p = 0.006), and with lower body mass index (BMI) (p < .001)
undertook more PA, which was associated with decreased disability (p < 0.001) and increased HRQOL measures
(all p < 0.001). For the subsample of people with relapsing-remitting MS, PA was associated with a decreased RR
(p = 0.009). Regression analyses showed that increased PA predicted clinically significant improvements in HRQOL
while controlling for level of disability, age and gender. More specifically, increasing from low to moderate and to
high PA increased estimated mean physical health composite from 47.7 to 56.0 to 59.9 respectively (25.6% change),
mental health composite from 60.6 to 67.0 to 68.8 (13.5% change), energy subscale from 35.9 to 44.5 to 49.8 (38.7%
change), social function subscale from 57.8 to 66.1 to 68.4 (18.3% change), and overall QOL subscale from 58.5 to
64.5 to 67.7 (15.7% change).
Conclusions: For PwMS, regardless of disability level, increased PA is related to better HRQOL in terms of energy,
social functioning, mental and physical health. These are important findings that should be taken into consideration
by clinicians treating PwMS.
Keywords: Multiple sclerosis, Exercise, Physical activity, Quality of life, Disability, RehabilitationBackground
Multiple sclerosis (MS) is an increasingly common neu-
rodegenerative disorder affecting approximately 1 in 1000
people in Australia [1] and the USA [2]. Progressive loss of
function common in people with MS (PwMS) often has a
devastating effect on physical and emotional wellbeing. In
the general population physical activity (PA), or exercise,* Correspondence: claudia.marck@svhm.org.au
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unless otherwise stated.has known wide-ranging benefits for physical and emo-
tional wellbeing [3,4] and is generally thought to also have
benefits for PwMS [5,6]. However, increasing disability is
linked to decreasing levels of PA [7,8], as hallmark MS
symptoms such as pain, weakness, and problems with bal-
ance may limit a person’s ability to participate in PA. For
many PwMS fatigue is a major debilitating symptom and
they may feel they need to conserve energy. Conversely, a
lack of PA, or inactivity, may contribute to an increased
risk of comorbidities or obesity which are known to nega-
tively affect disease progression in MS [9] and may alsotd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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more, PwMS generally have lower levels of quality of life
(QOL) compared to the general population [11], and
although the evidence is inconclusive [12,13], several
studies have reported beneficial effects of PA on QOL
in PwMS [14-16].
Many trials investigating the effects of PA on MS have
included only a small number of people, usually with
mild to moderate disability, not experiencing any exacer-
bations, and study outcome measures were found to be
inconsistent. Furthermore, some studies fail to report
important sample characteristics or correct for level of
disability. Thus, while there seems to be an overall
positive effect of PA, the evidence is inconclusive; and
more research is needed to be able to draw strong
conclusions [5,17-19].
Aim
In the current study, which is part of a large inter-
national survey of people with MS and the first baseline
data collected as part of a longitudinal dataset, we inves-
tigate the associations between self-initiated PA or exer-
cise, and HRQOL, relapse rate, disease activity and
disability, as well as demographic variables.
Methods
The methods of the larger Health Outcomes and Lifestyle
Interventions in a Sample of People with Multiple Sclerosis
(HOLISM) study have been described in detail elsewhere
[20] but will be summarized here. The study was approved
by the Human Research Ethics Committee of St Vincent’s
Hospital Melbourne (LRR 055/12).
Participants and data collection
Participants were recruited through online MS societies
and platforms including websites, Facebook pages, twit-
ter, blogs and forums where the survey was advertised.
All media were specifically for people with MS, some
actively promoted healthy lifestyle and most were based in
English speaking countries including the US, Australia,
New Zealand and the UK. The survey was in English
and included a participant information and consent
page which required a response before entering the
survey. Participants were aged over 18 years and reported
a physician confirmed diagnosis of MS. Contact details
were recorded for future follow-ups as this is part of
a longitudinal study.
Tools
The online survey comprised several validated question-
naires as well as researcher devised or amended items,
and took approximately 40 minutes in total to complete
with the option to come back to it at a later time if it
was not completed at once. All data were self-reported.Independent variables
Several multiple choice items assessed demographical
variables age, gender, height, and weight.
The International Physical Activity Questionnaire (IPAQ)
short form is a 7-day recall self-administered questionnaire
which measures PA as well as time spent sitting over the
last 7 days [21]. Scores from the abbreviated IPAQ correlate
moderately with measures from a pedometer (r = 0.32) and
an accelerometer (r = 0.36) in individuals with MS [22] and
can be used to successfully estimate maximal oxygen
uptake (VO(2)max) [23]. To measure PA, items assessed
walking, moderate and vigorous intensity activities with
frequency measured in days per week and duration
measured in hours and minutes per day. Examples of
moderate exercise (e.g., doubles tennis or regular cyc-
ling) and vigorous exercise (e.g., heavy lifting, aerobics or
fast cycling) were provided. These measures were then
combined to form a total activity score, MET (multiples of
the resting metabolic rate)-minutes per week, and a cat-
egorical variable. Instructions for data cleaning and scoring
were followed as per the IPAQ scoring instructions [24].
All values under 10 minutes per day were omitted and
values over 240 minutes per day per type of activity were
truncated to 240. “Minutes per week” was calculated by
combining “hours” and “minutes” for duration of activity,
and multiplying this by “days per week”. If “times per
week” for one of the categories was left blank, it was as-
sumed that the “hours per day” and “minutes per day”
were a weekly total. If “times per week” for one of the
categories was completed but both “hours” and “mi-
nutes” was left blank, this category returned a weekly
total of zero. A MET-minutes per week score was ob-
tained by multiplying walking minutes per week by 3.3,
moderate activity by 4 and vigorous activity by 8 and then
finally combining these scores together.
The categorical variable had the following categories
(adapted from IPAQ scoring protocol [24]):
High active: Vigorous-intensity activity on
at least 3 days and accumulating a minimum
of 1500 MET-min/week; or 7 or more days of
any combination of walking, moderate-intensity or
vigorous intensity activities achieving a minimum of
3000 MET-min/week
Moderately active: 3 or more days of vigorous activity
of at least 20 minutes per day; or 5 or more days
of moderate-intensity activity or walking of at least
30 minutes per day; or 5 or more days of any
combination of walking, moderate-intensity or
vigorous intensity activities achieving a minimum
of 600 MET-min/week.
Low active: No activity is reported or some activity
is reported but not enough to meet moderate or
high categories.
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vey, and instructions were as follows: “Please answer the
following questions about physical activity even if you
do not consider yourself to be an active person or your
MS significantly limits your ability to exercise.”
Disability was measured by the patient-determined
disease steps (PDDS) [25-27]. The PDDS is a self-adminis-
tered surrogate tool to the commonly used clinician-
administered expanded disability status scale (EDSS). It is
scored from 0 (normal) to 8 (bed bound) and has been
collapsed into three categories for the purpose of data
analysis in this paper: scores of 0, 1 and 2 were categorized
as low disability; scores of 3, 4 and 5 were categorized as
moderate disability; and scores of 6, 7 and 8 were catego-
rized as high disability.
Dependent variables
Physician-diagnosed relapse rates over the last 12 months
and 5 years were obtained for those with relapsing remit-
ting MS only.
Body Mass Index (BMI) was obtained by multiplying
weight (in kilograms) by height2 (in centimeters). BMI was
recoded into categories according to the World Health
Organization (WHO) so that those with BMI below 18.5
were classed as underweight, those with BMI of 18.5 and
up to 25 normal, BMI of 25 and up to 30 overweight and
BMI of 30 and over obese [28].
Disease activity (for those with relapsing-remitting MS
only) was categorized as increasing, decreasing, or stable
depending on whether the relapse rate in the preceding
12 months was higher, lower, or the same, respectively,
as the average annualized relapse rate over the disease
duration, capped to the last five years.
HRQOL was measured by the widely used and validated
Multiple Sclerosis Quality Of Life-54 (MSQOL-54) [29].
The MSQOL-54 consists of 52 items, including the 36-item
Short Form health survey (SF-36), which generates two
composite scores: the physical and mental health compos-
ites and 12 subscales, and two additional items. The
MSQOL-54 was scored according to the scoring instruc-
tions, but only the two composite scores and those scales
relevant to PA were used for analysis: physical health com-
posite (PHC), mental health composite (MHC), energy sub-
scale (ES), social function subscale (SFS), and overall quality
of life subscale (OQOLS).
Data analysis
Data were analyzed using SPSS version 22.0 (IBM Corpor-
ation). Continuous data were reported using mean (95%
CI) or median (IQR) and categorical data using number
(N) and percentage (%). Varying denominators are due to
varying item completion. Analyses were only performed for
those reporting a physician confirmed diagnosis of MS. The
IPAQ produced a continuous variable of “MET minutes”,which was very positively skewed and could not be trans-
formed, and a categorical variable. We used the categorical
variable for analysis.
Pearson’s Chi Square was used to compare categorical
variables, or Fisher’s exact test for two by two contingency
tables with standardized adjusted residuals indicating over-
or underrepresentation of groups. Analysis of variance was
used to compare continuous variables across three or more
groups with planned comparisons for post hoc testing. A
Welch correction was carried out if the homogeneity of
variances assumption was violated; this was the case for
most variables except age, the MSQOL-54 ES and PHC.
Alpha was set at 0.05 and two tailed tests of significance
were used in all instances. These analyses for demographic
variables were repeated for each of the three disability
groups separately to control for disability level.
Regression analyses were carried out to identify inde-
pendent predictors of outcomes. No regression analysis was
carried out to predict disability as inverse causality seemed
probable. Multiple regression (enter method) was used to
identify predictors of PHC, MHC, SFS, OQOLS, and ES. It
was ensured that data satisfied the assumptions of normal-
ity, linearity, and homoscedasticity by plotting the studen-
tized residuals against the unstandardized predicted values
of the dependent variable and assessing the spread. The
MHC score had a skewed distribution of standardized re-
siduals and a sensitivity analysis was undertaken. Inde-
pendence of residuals was assessed by checking the
Durbin Watson statistic (values between 1 and 3 were
accepted). Variance inflation factor <5 was used as
the criterion for absence of multicollinearity. Only cor-
relations of <.70 between predictor variables were ac-
cepted as inspected from the correlation matrices. Data
were checked for standardized residual values outside the
range of −3.0 to 3.0 and outliers were inspected. There
were no influential cases with a Cook value over 1. As data
for 12 month relapse rate among those with relapsing-
remitting MS were over-dispersed, negative binomial lo-
gistic regression was used after verifying that the assump-
tions were met in regards to multicollinearity (cut-off was
>0.70). For disease activity (decreasing/stable versus in-
creasing), binary logistic regression (enter method) was
planned but not undertaken as the bivariate analysis
showed no significant results. Parameter estimates and es-
timated marginal means (EMM) were reported as well as
percentage change by dividing the difference between
EMM of low level of PA and high level of PA, by the
EMM of low level of PA. All percentages reported were
adjusted for missing data or item non-completion.
Results
Demographic variables
Demographics of the whole sample (N = 2469) have
been described in detail elsewhere but to summarize,
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in 57 mostly English speaking countries [20]. Here
we describe demographic and clinical characteristics
of those 2,232 participants with a self-reported phys-
ician confirmed diagnosis of MS who completed suf-
ficient data items to have an IPAQ score computed
(Table 1).
Frequencies, medians as well as means of the METS
minutes are reported here to be able to compare it to
those studies which have previously reported means
(Table 2).Table 1 Demographic variables and clinical characteristics
Continuous demographic variables Mean 95
Age 45.7 45.3
Weight (kg) 72.0 71.3
Height (cm) 167.6 167.2
BMI 25.7 25.4
Years since diagnosis 8.7 8.4
12 month relapse rate* 0.71 0.65
MSQOL Energy subscale 43.6 42.7
MSQOL Social function subscale 69.7 68.7
MSQOL Overall QOL subscale 67.1 66.3
MSQOL Physical Health Composite 59.3 58.3

























*Includes people with relapsing-remitting MS only.Physical activity and demographics
Disability
Level of disability was strongly related to the level of PA,
those with a higher level of disability had a lower level of
PA and vice-versa (p < 0.001) (Table 3).
Gender
PA was significantly related to gender (p = 0.006) with
males more often highly active compared to females
(33.2% vs 25.6%) and less often low active compared to
females (36.2% vs 42.6%). Further analysis showed that% CI Median IQR N
-46.2 46.0 38.0-53.0 2172
-72.8 68.0 59.0-80.9 2217
-168.0 167.0 162.0-173.0 2218
-26.0 24.0 21.3-28.2 2208
-9.0 6.0 3.0-12.0 2224
-0.77 0.0 0.0-1.0 1330
-44.5 44.0 24.0-60.0 2225
-70.7 75.0 50.0-91.7 2159
-67.9 68.4 55.0-81.7 2181
-60.3 59.2 42.6-77.8 1877

























Table 2 Physical activity measures
Continuous IPAQ measures Median Interquartile range Mean Std. deviation Range N
Total METS minutes 1053.0 297.0-2719.0 1901.4 2336.8 .0-18558.0 2232
Sitting minutes per week 3360.0 2100.0-4200.0 3299.2 1602.9 .0-8400.0 2125
IPAQ categories % N
Low active 41.3 922
Moderate active 31.7 707
High active 27.0 603
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low disability group (p = 0.006) with males more often
highly active compared to females (46.5% vs 35.1%) and
less often low active compared to females (19.7% vs
27.7%).There was a trend for those in the moderate dis-
ability group (p = 0.053) with males less often low active
compared to females (44.7% vs 54.9%). For those in the
high disability group there was no significant association
between gender and levels of PA.
Age
PA was related to age (p < 0.001), and planned compari-
sons (post-hoc testing) showed that those with low levels
of PA were older (47.3 years, CI 46.7-48.0) compared to
those with moderate (45.1, CI 44.3-45.9 years) and high
(43.9 years, CI 43.1-44.8) levels of PA (p < 0.001 for
both) and the difference between moderate and high
levels of PA was also significant (p = 0.036). Further
analysis showed that age was not significantly related
to PA within any of the 3 disability levels.
Body Mass Index
PA was significantly related to BMI (p < 0.001) and
planned comparisons showed that those with low levels
of PA had significantly higher BMI (26.8, CI 26.3-27.3)
compared to those with moderate (25.1, CI 24.6-25.5)
and high (24.8, CI 24.3-25.2) levels of PA (p < 0.001 for
both comparisons). No significant difference in BMI
between moderate and high levels of activity was found.Table 3 Association between levels of physical activity
and disability














^indicates underrepresentation *indicates overrepresentation.Additional analyses within level of disability showed that
for those with low disability, BMI was significantly related
to PA (p < 0.001), with planned comparisons showing sig-
nificant differences in BMI between low (26.7, CI 26.0-
27.5) and moderate (24.9, CI 24.4-25.4), and low and high
(24.3, CI 23.9-24.8) levels of PA (both P < 0.001). For those
with moderate disability, BMI was significantly related to
PA (p = 0.006), with planned comparisons showing signifi-
cant differences between the BMI for those with low (27.2,
CI 26.4-27.9) and moderate (25.4, CI 24.6-26.2) levels of
PA (P = 0.002). For those in the high disability category,
BMI was not significantly related to PA.
Physical activity and outcome variables
Relapse rate
For those with relapsing-remitting MS only, the level of
PA was related to the 12 month relapse rate (p = 0.009).
Planned comparisons showed that those with low levels
of PA had more annual relapses (0.8, CI 0.7-1.0) compared
to those with moderate (0.7, CI 0.6-0.8, p = 0.024) and
those with high levels of PA (0.6, CI 0.5-0.7, p = 0.004)
with no significant difference between moderate and high
levels of PA. Negative binomial regression modelling
showed that in a model with age, gender, disability and
PA, PA was not a significant predictor of 12 month relapse
rate (results not shown).
Disease activity
For those with relapsing-remitting MS only, PA was found
not to be related to disease activity. Therefore, no regres-
sion modelling was undertaken.
Quality of life
All subscales and composite scores of the MSQOL-54
were significantly related to PA and post-hoc tests
showed that all subscales and composite scores were sig-
nificantly different between low vs. moderate, low vs.
high, and moderate vs. high levels of physical activity (all
<.001 except between moderate and high activity on the
mental health composite (p =.012)) (Figure 1).
Regression analyses showed that the model including
age, gender, disability and PA significantly predicted
PHC, MHC, ES, SFS and OQOLS scores, explaining
between 10.6 and 43.5% of the variance (Table 4). Higher
Figure 1 Associations between health related quality of life measures and physical activity.
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HRQOL scores, controlling for PA, age and gender. MHC,
ES, SFS, and OQOLS scores increased with age and while
male gender predicted a higher score on the PHC and ES
it predicted a lower score on the OQOLS (Table 4).
PA significantly increased all HRQOL measures, con-
trolling for age, gender and disability level (Table 5).
Keeping age, gender and disability at a constant (the
average), increasing from low to moderate and to high
PA increased predicted physical health scores from 47.7
to 56.0 to 59.9 (25.6% change from low to high), mental
health scores from 60.6 to 67.0 to 68.8 (13.5% change
from low to high), energy score from 35.9 to 44.5 to 49.8
(38.7% change from low to high), social function score
from 57.8 to 66.1 to 68.4 (18.3% change from low to high),




This study shows that self-initiated PA, or exercise, is
associated with better HRQOL outcomes, regardless of
disability level, in a very large, international sample of
people diagnosed with MS. Increasing levels of PA were
associated with increased levels of energy, social function,
physical, mental, and overall QOL as measured by the
MSQOL-54 while controlling for age, gender and disability
level. Of note, the increases in HRQOL scores, between
low to moderate levels of PA, were more pronounced than
those between moderate to high levels of PA, indicating
that PwMS who are currently participating in lowlevels of PA may benefit more from increasing their
level of PA than those with moderate level increasing to a
high level of PA.
An improvement of 5 points on the SF-36, the tool
from which the MSQOL-54 is derived, is generally seen
as clinically significant [30,31]. The estimated increases
of more than 25% on the physical health composite
(12.2 points), and estimated increases of around 15% on
the mental health composite (8.2 points), social function
subscale (10.6 points) and overall QOL subscale (9.2
points) between low and high levels of PA would there-
fore be clinically significant and of interest to many
PwMS. The estimated increase of almost 40% on the
energy subscale (13.9 points) is especially noteworthy.
Fatigue, related to perceived energy, is a debilitating
symptom for most PwMS and is positively affected by
PA [32]. The benefits of PA on HRQOL measures are in
line with most randomised controlled trials (RCTs) and
other studies assessing the association between QOL
and PA [15,16,33-37], with one meta-analysis showing
the effect of PA on QOL superior to medication[14].
However, at least two RCTs showed no difference in
QOL in people with MS after participating in exercise
programs [12,13]. Although most studies included only
people with mild to moderate disability, a small pilot
study including PwMS with high disability showed in-
creases on MSQOL subscales of energy (60%), physical
health composite (30.3%), mental health composite
(22.4%), and social function subscale (12.6%) (but a de-
creased score of 2.6% on overall QOL subscale) after a
12 week treadmill training program [38]. The effect of
Table 4 Significant predictors and covariates for components of HRQOL
Outcome variable Predicting variable Adjusted R2 Beta SE p
Physical health composite Intercept
.435 P < .001
61.209 1.832 <.001
Age .037 .040 .355
Male gender 2.393 .974 .014
Moderate level of physical activity 8.331 .944 <.001
High level of physical activity 12.263 .998 <.001
Moderate level of disability −22.172 .898 <.001
High level of disability −26.950 1.451 <.001
Mental health composite Intercept
.106 P < .001
51.818 2.125 <.001
Age .341 .045 <.001
Male gender .068 1.168 .954
Moderate level of physical activity 6.369 1.097 <.001
High level of physical activity 8.175 1.176 <.001
Moderate level of disability −10.699 1.047 <.001
High level of disability −9.457 1.653 <.001
Energy subscale Intercept
.167 P < .001
31.844 2.149 <.001
Age .224 .046 <.001
Male gender 2.783 1.185 .019
Moderate level of physical activity 8.590 1.114 <.001
High level of physical activity 13.927 1.189 <.001
Moderate level of disability −12.872 1.063 <.001
High level of disability −9.838 1.672 <.001
Social function subscale Intercept
.292 P < .001
67.104 2.135 <.001
Age .141 .045 .002
Male gender .784 1.179 .506
Moderate level of physical activity 8.304 1.109 <.001
High level of physical activity 10.544 1.184 <.001
Moderate level of disability −18.749 .594 <.001
High level of disability −29.595 1.058 <.001
Overall quality of life subscale Intercept
.196 P < .001
63.904 1.770 <.001
Age .109 .038 .004
Male gender −2.432 .977 .013
Moderate level of physical activity 6.086 .917 <.001
High level of physical activity 9.247 .976 <.001
Moderate level of disability −11.700 .873 <.001
High level of disability −15.867 1.372 <.001
Female gender, low level of activity and low level of disability were used as reference categories in regression analyses.
Bold indicates significant finding at <0.05 level.
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in social participation, fatigue, mood, self-efficacy, perceived
stress and/or body functions [5,39-43]. If the type of exer-
cise involves a team or group, it can be expected that PA
has a positive effect on perceived social function, whereas
being able to complete a training program may improve
perceived self-efficacy. However, since QOL is an umbrella
term encompassing many of these aspects, it may be diffi-
cult to disentangle the relationship between the variables.
Increased level of disability was associated with de-
creased levels of PA, consistent with the literature [7,8].Increasing disability and symptoms may prevent PwMS
from participating in PA. However, this may be a two-way
causal relationship as some evidence is emerging that PA
has a disease-modifying effect for PwMS [44], and may
have beneficial effects through changes in anti-inflamma-
tory and neurotropic factors in PwMS [45-47] but more
research is needed. PwMS generally have lower rates of PA
compared to the general population [7,48], even those with
mild disability, [49] although evidence is emerging that PA
is beneficial for PwMS regardless of level of disability
[38,50]. Several RCTs have found PA to favorably affect















EMM EMM EMM EMM EMM
SEa SEb SEc SEd SEe
Male High High 50.6 66.1 48.9 55.3 59.8
1.7 2.0 2.0 2.0 1.6
Moderate 46.6 64.3 43.6 53.1 56.6
1.7 1.9 2.0 2.0 1.6
Low 38.3 57.9 35.0 44.7 50.6
1.5 1.7 1.7 1.7 1.4
Moderate High 55.3 64.9 45.9 66.1 64.0
1.2 1.5 1.5 1.5 1.2
Moderate 51.4 63.1 40.6 63.9 60.8
1.2 1.4 1.4 1.4 1.2
Low 43.1 56.7 32.0 55.6 54.7
1.1 1.3 1.3 1.3 1.1
Low High 77.5 75.6 58.8 84.9 75.7
1.1 1.3 1.3 1.3 1.1
Moderate 73.6 73.8 53.4 82.6 72.5
1.1 1.3 1.3 1.3 1.1
Low 65.3 67.4 44.9 74.3 66.4
1.2 1.4 1.4 1.4 1.2
Female High High 48.2 66.0 46.2 54.5 62.2
1.5 1.8 1.8 1.8 1.5
Moderate 44.2 64.2 40.8 52.3 59.1
1.5 1.7 1.7 1.7 1.4
Low 35.9 57.9 32.2 44.0 53.0
1.3 1.4 1.4 1.4 1.2
Moderate High 53.0 64.8 43.1 65.4 66.4
1.0 1.2 1.2 1.2 1.0
Moderate 49.0 63.0 37.8 63.1 63.2
0.9 1.1 1.1 1.1 0.9
Low 40.7 56.6 29.2 54.8 57.2
0.8 0.9 0.9 0.9 0.8
Low High 75.1 75.5 56.0 84.1 78.1
0.8 0.9 0.9 0.9 0.8
Moderate 71.2 73.7 50.7 81.9 74.9
0.8 0.9 0.9 0.9 0.7
Low 62.9 67.3 42.1 73.6 68.9
0.8 1.0 1.0 1.0 0.8
aCovariate age appearing in the model is evaluated at the following value: 45.0.
bCovariate age appearing in the model is evaluated at the following value: 45.5.
cCovariate age appearing in the model is evaluated at the following value: 45.7.
dCovariate age appearing in the model is evaluated at the following value: 45.6.
eCovariate age appearing in the model is evaluated at the following value: 45.6.
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tively affect disease progression and characteristics in
PwMS [9,10]. The current study design does not allow sep-
arating the effects that PA and disability have on each otherbut future longitudinal data of this cohort may provide fur-
ther insights.
Due to these expected interactions, regression analyses
controlled for disability levels, as disability is expected to
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the subsample of people with relapsing-remitting MS,
disease activity was not associated with level of PA and
although increased PA was associated with decreased 12
month relapse rate, it was not a significant predictor of
relapse rate in the regression analysis when controlling
for age, gender and disability level. A recent literature
review regarding the effects of PA on disease progression
concluded that the evidence from intervention studies
was not strong enough to draw definite conclusions but
MRI data and self-reported data from PwMS show a
possible disease-modifying effect [44]. A longitudinal
survey of PwMS found that those with higher baseline
activity levels compared to those who had lower levels at
baseline showed less functional decline over time sug-
gesting that PA may favorably affect disease progression
[43]. Although a survey of PwMS reported that 15% of
respondents indicated that aerobic exercise worsened
their MS symptoms, conversely 16% reported improve-
ment [52]. There is no other evidence that PA has a
deleterious effect on MS [6,53], and a recent study has
reported that PA is not related to relapses [54]. Our data
also indicated that for PwMS, with low to moderate disabil-
ity level, increased PA was generally related to a healthier
BMI, which is expected to result in better physical health
overall [9].
Limitations
The sample in this study consisted of volunteers from
English speaking backgrounds with access to the internet
and with the ability to complete this survey online. Most
participants were female and between the ages of 38 and
53 years, and thus our population may be less represen-
tative of the heterogeneous spectrum of PwMS. It may
therefore not be generalizable to all PwMS, despite the
number, and variety of backgrounds of participants. All
measures were self-reported and it is therefore not
possible to assess accuracy or reliability. Due to some
incomplete data in the duration items of the IPAQ, a small
number of people who indicated to participate in activities
once or more per week may have been incorrectly classi-
fied in the low level PA group. Although there were 235
severely disabled PwMS who completed PA related items,
only 26 and 16 reported moderate and high levels of PA,
respectively, which reduced the power to detect significant
differences in this group.
IPAQ, the instrument widely used for studying PA in
PwMS, has been shown by some to overestimate the in-
tensity and duration of physical activity in the general
population [55] and it has been reported that PwMS have
difficulties recalling the duration of activities in retrospect
as required for the IPAQ [22]. Also, the level of exercise
relative to someone’s ability and fitness was not taken into
account, rather the IPAQ measures an objective standardof intensity of exercise and this may therefore not accur-
ately measure activity efforts in people with high levels of
disability. Further, certain types of PA may be more bene-
ficial than others, and effects may differ between types of
MS; this study did not differentiate between these, but
future planned research may be able to elucidate this.
Conclusion
Increased PA was associated with markedly better health
related quality of life, including physical and mental
health, and especially increased energy, at all levels of dis-
ability. Many PwMS report fatigue as a major symptom,
and feel they should conserve energy and avoid strenuous
activity. Our results add to the growing body of literature
suggesting that PA may actually improve perceived energy
levels. Clinicians treating PwMS should consider recom-
mending increasing physical activity for PwMS, including
those with disability, as it is likely to be associated with
improved HRQOL.
Competing interests
Professor Jelinek receives royalties from his book “Overcoming Multiple
Sclerosis: An Evidence-Based Guide to Recovery”.
Authors’ contributions
CM carried out the statistical analysis and drafted the manuscript. GJ
conceived the study. EH contributed to the design and coordinated the
study. NP and TW contributed to the study design. DvdM, EH, GJ and TW
contributed to the drafting of the manuscript. All authors read and approved
the final manuscript.
Acknowledgments
We thank all the participants of the HOLISM study for their contribution.
We also thank the Bloom Foundation and the Horne Family Charitable
Foundation for their generous support of the project.
Author details
1Emergency Practice Innovation Centre, St Vincent’s Hospital Melbourne,
PO Box 2900, Fitzroy 3065, VIC, Australia. 2Department of Medicine, The
University of Melbourne (St Vincent’s Hospital), Fitzroy, Victoria, Australia.
3Faculty of Medicine, Notre Dame University, Fremantle, Western Australia,
Australia. 4Department of Epidemiology and Preventive Medicine, Monash
University, Melbourne, Victoria, Australia.
Received: 7 April 2014 Accepted: 3 July 2014
Published: 12 July 2014
References
1. Palmer AJ, Hitchens PL, Simpson S Jr, O’Leary B, Colman S, Taylor BV: A
novel method for calculating prevalence of multiple sclerosis in
Australia. Mult Scler 2013, 19:1704–1711.
2. Hirtz D, Thurman DJ, Gwinn-Hardy K, Mohamed M, Chaudhuri AR,
Zalutsky R: How common are the “common” neurologic disorders?
Neurology 2007, 68:326–337.
3. Woodcock J, Franco OH, Orsini N, Roberts I: Non-vigorous physical activity
and all-cause mortality: systematic review and meta-analysis of cohort
studies. Int J Epidemiol 2011, 40:121–138.
4. Warburton DE, Nicol CW, Bredin SS: Health benefits of physical activity:
the evidence. CMAJ 2006, 174:801–809.
5. Motl RW, Pilutti LA: The benefits of exercise training in multiple sclerosis.
Nat Rev Neurol 2012, 8:487–497.
6. Rietberg MB, Brooks D, Uitdehaag BM, Kwakkel G: Exercise therapy
for multiple sclerosis. Cochrane Database Syst Rev 2004, (3):CD003980.
doi:10.1002/14651858.CD003980.pub2.
Marck et al. BMC Neurology 2014, 14:143 Page 10 of 11
http://www.biomedcentral.com/1471-2377/14/1437. Marrie R, Horwitz R, Cutter G, Tyry T, Campagnolo D, Vollmer T: High
frequency of adverse health behaviors in multiple sclerosis. Mult Scler
2009, 15:105–113.
8. Motl RW, Arnett PA, Smith MM, Barwick FH, Ahlstrom B, Stover EJ:
Worsening of symptoms is associated with lower physical activity levels
in individuals with multiple sclerosis. Mult Scler 2008, 14:140–142.
9. Marrie RA, Rudick R, Horwitz R, Cutter G, Tyry T, Campagnolo D, Vollmer T:
Vascular comorbidity is associated with more rapid disability progression
in multiple sclerosis. Neurology 2010, 74:1041–1047.
10. Gallien P, Nicolas B, Robineau S, Petrilli S, Houedakor J, Durufle A: Physical
training and multiple sclerosis. Ann Readapt Med Phys 2007, 50:373–376.
369–372.
11. McCabe MP, McKern S: Quality of life and multiple sclerosis: comparison
between people with multiple sclerosis and people from the general
population. J Clin Psychol Med Settings 2002, 9:287–295.
12. Romberg A, Virtanen A, Ruutiainen J: Long-term exercise improves
functional impairment but not quality of life in multiple sclerosis.
J Neurol 2005, 252:839–845.
13. Dettmers C, Sulzmann M, Ruchay-Plossl A, Gutler R, Vieten M: Endurance
exercise improves walking distance in MS patients with fatigue.
Acta Neurol Scand 2009, 120:251–257.
14. Kuspinar A, Rodriguez AM, Mayo NE: The effects of clinical interventions
on health-related quality of life in multiple sclerosis: a meta-analysis.
Mult Scler 2012, 18:1686–1704.
15. Motl RW, Gosney JL: Effect of exercise training on quality of
life in multiple sclerosis: a meta-analysis. Mult Scler 2008,
14:129–135.
16. Dalgas U, Stenager E, Jakobsen J, Petersen T, Hansen HJ, Knudsen C,
Overgaard K, Ingemann-Hansen T: Fatigue, mood and quality of life
improve in MS patients after progressive resistance training. Mult Scler
2010, 16:480–490.
17. Toomey E, Coote SB: Physical rehabilitation interventions in
nonambulatory people with multiple sclerosis: a systematic review.
Int J Rehabil Res 2012, 35:281–291.
18. Asano M, Dawes DJ, Arafah A, Moriello C, Mayo NE: What does a
structured review of the effectiveness of exercise interventions for
persons with multiple sclerosis tell us about the challenges of designing
trials? Mult Scler 2009, 15:412–421.
19. Paul L, Coote S, Crosbie J, Dixon D, Hale L, Holloway E, McCrone P,
Miller L, Saxton J, Sincock C, White L: Core outcome measures for
exercise studies in people with multiple sclerosis: recommendations
from a multidisciplinary consensus meeting. Mult Scler 2014.
doi:10.1177/1352458514526944.
20. Hadgkiss EJ, Jelinek GA, Weiland TJ, Pereira NG, Marck CH, van der
Meer DM: Methodology of an International Study of People
with multiple sclerosis recruited through Web 2.0 Platforms:
demographics, lifestyle, and disease characteristics. Neurol Res Int
2013, 2013:580596.
21. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P: International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003, 35:1381–1395.
22. Gosney JL, Scott JA, Snook EM, Motl RW: Physical activity and multiple
sclerosis: validity of self-report and objective measures. Fam Community
Health 2007, 30:144–150.
23. Schembre SM, Riebe DA: Non-exercise estimation of VO(2)max using the
International Physical Activity Questionnaire. Meas Phys Educ Exerc Sci
2011, 15:168–181.
24. Guidelines for Data Processing and Analysis of the International Physical
Activity Questionnaire (IPAQ) - Short Form. [www.ipaq.ki.se]: Access date.
25. Hohol MJ, Orav EJ, Weiner HL: Disease steps in multiple sclerosis: a
longitudinal study comparing disease steps and EDSS to evaluate
disease progression. Mult Scler 1999, 5:349–354.
26. Hohol MJ, Orav EJ, Weiner HL: Disease steps in multiple sclerosis: a simple
approach to evaluate disease progression. Neurology 1995, 45:251–255.
27. Marrie RA, Goldman M: Validity of performance scales for disability
assessment in multiple sclerosis. Mult Scler 2007, 13:1176–1182.
28. Global database of body mass index. BMI classification.
[http://www.who.int/mediacentre/factsheets/fs311/en/]: Access date.
29. Vickrey BG, Hays RD, Harooni R, Myers LW, Ellison GW: A health-related
quality of life measure for multiple sclerosis. Qual Life Res 1995, 4:187–206.30. Kappos L, Gold R, Arnold DL, Bar-Or A, Giovannoni G, Selmaj K, Sarda SP,
Agarwal S, Zhang A, Sheikh SI, Seidman E, Dawson KT: Quality of life
outcomes with BG-12 (dimethyl fumarate) in patients with
relapsing-remitting multiple sclerosis: The DEFINE study. Mult Scler 2014,
20:243–252.
31. Norman GR, Sloan JA, Wyrwich KW: Interpretation of changes in
health-related quality of life: the remarkable universality of half a
standard deviation. Med Care 2003, 41:582–592.
32. Andreasen A, Stenager E, Dalgas U: The effect of exercise therapy on
fatigue in multiple sclerosis. Mult Scler 2011, 17:1041–1054.
33. McCullagh R, Fitzgerald AP, Murphy RP, Cooke G: Long-term benefits
of exercising on quality of life and fatigue in multiple sclerosis
patients with mild disability: a pilot study. Clin Rehabil 2008,
22:206–214.
34. Dodd KJ, Taylor NF, Shields N, Prasad D, McDonald E, Gillon A: Progressive
resistance training did not improve walking but can improve muscle
performance, quality of life and fatigue in adults with multiple sclerosis:
a randomized controlled trial. Mult Scler 2011, 17:1362–1374.
35. Huisinga JM, Filipi ML, Stergiou N: Elliptical exercise improves fatigue
ratings and quality of life in patients with multiple sclerosis. J Rehabil Res
Dev 2011, 48:881–890.
36. Pilutti LA: Adapted exercise interventions for persons with progressive
multiple sclerosis. Appl Physiol Nutr Metab 2013, 38:357.
37. Stroud NM, Minahan CL: The impact of regular physical activity on
fatigue, depression and quality of life in persons with multiple sclerosis.
Health Qual Life Outcomes 2009, 7:68.
38. Pilutti LA, Lelli DA, Paulseth JE, Crome M, Jiang S, Rathbone MP, Hicks AL:
Effects of 12 weeks of supported treadmill training on functional ability
and quality of life in progressive multiple sclerosis: a pilot study.
Arch Phys Med Rehabil 2011, 92:31–36.
39. Motl RW, McAuley E: Pathways between physical activity and
quality of life in adults with multiple sclerosis. Health Psychol 2009,
28:682–689.
40. Motl RW, McAuley E, Snook EM, Gliottoni RC: Physical activity and quality
of life in multiple sclerosis: intermediary roles of disability, fatigue,
mood, pain, self-efficacy and social support. Psychol Health Med 2009,
14:111–124.
41. Motl RW, Snook EM: Physical activity, self-efficacy, and quality of life in
multiple sclerosis. Ann Behav Med 2008, 35:111–115.
42. Suh Y, Weikert M, Dlugonski D, Sandroff B, Motl RW: Physical activity,
social support, and depression: possible independent and indirect
associations in persons with multiple sclerosis. Psychol Health Med
2012, 17:196–206.
43. Stuifbergen AK, Blozis SA, Harrison TC, Becker HA: Exercise, functional
limitations, and quality of life: a longitudinal study of persons with
multiple sclerosis. Arch Phys Med Rehabil 2006, 87:935–943.
44. Dalgas U, Stenager E: Exercise and disease progression in multiple
sclerosis: can exercise slow down the progression of multiple sclerosis?
Ther Adv Neurol Disord 2012, 5:81–95.
45. Golzari Z, Shabkhiz F, Soudi S, Kordi MR, Hashemi SM: Combined
exercise training reduces IFN-gamma and IL-17 levels in the plasma
and the supernatant of peripheral blood mononuclear cells in
women with multiple sclerosis. Int Immunopharmacol 2010,
10:1415–1419.
46. Bansi J, Bloch W, Gamper U, Kesselring J: Training in MS: influence of two
different endurance training protocols (aquatic versus overland) on
cytokine and neurotrophin concentrations during three week
randomized controlled trial. Mult Scler 2013, 19:613–621.
47. White LJ, Castellano V: Exercise and brain health–implications for multiple
sclerosis: Part II–immune factors and stress hormones. Sports Med 2008,
38:179–186.
48. Turner AP, Kivlahan DR, Haselkorn JK: Exercise and quality of life among
people with multiple sclerosis: looking beyond physical functioning to
mental health and participation in life. Arch Phys Med Rehabil 2009,
90:420–428.
49. Sandroff BM, Dlugonski D, Weikert M, Suh Y, Balantrapu S, Motl RW:
Physical activity and multiple sclerosis: new insights regarding inactivity.
Acta Neurol Scand 2012, 126:256–262.
50. Filipi ML, Kucera DL, Filipi EO, Ridpath AC, Leuschen MP: Improvement in
strength following resistance training in MS patients despite varied
disability levels. NeuroRehabilitation 2011, 28:373–382.
Marck et al. BMC Neurology 2014, 14:143 Page 11 of 11
http://www.biomedcentral.com/1471-2377/14/14351. Castro-Sanchez AM, Mataran-Penarrocha GA, Lara-Palomo I, Saavedra-Hernandez
M, Arroyo-Morales M, Moreno-Lorenzo C: Hydrotherapy for the treatment of
pain in people with multiple sclerosis: a randomized controlled trial.
Evid Based Complement Alternat Med 2012, 2012:473963.
52. Simmons RD, Ponsonby AL, van der Mei IA, Sheridan P: What affects your
MS? Responses to an anonymous, Internet-based epidemiological
survey. Mult Scler 2004, 10:202–211.
53. Bjarnadottir OH, Konradsdottir AD, Reynisdottir K, Olafsson E: Multiple
sclerosis and brief moderate exercise. A randomised study. Mult Scler
2007, 13:776–782.
54. Tallner A, Waschbisch A, Wenny I, Schwab S, Hentschke C, Pfeifer K,
Maurer M: Multiple sclerosis relapses are not associated with exercise.
Mult Scler 2012, 18:232–235.
55. Rzewnicki R, Vanden Auweele Y, De Bourdeaudhuij I: Addressing
overreporting on the International Physical Activity Questionnaire (IPAQ)
telephone survey with a population sample. Public Health Nutr 2003,
6:299–305.
doi:10.1186/1471-2377-14-143
Cite this article as: Marck et al.: Physical activity and associated levels of
disability and quality of life in people with multiple sclerosis: a large
international survey. BMC Neurology 2014 14:143.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
